Surfactant abnormalities in idiopathic pulmonary fibrosis, hypersensitivity pneumonitis and sarcoidosis. A. Gu Ènther, R. Schmidt, F. Nix, M. Yabut-Perez, C. Guth, S. Rosseau, C. Siebert, F. Grimminger, H. Morr, H.G. Velcovsky, W. Seeger. #ERS Journals Ltd 1999. ABSTRACT: Bronchoalveolar lavage fluids (BALF) from patients with idiopathic pulmonary fibrosis (IPF; n=36), hypersensitivity pneumonitis (HP; n=32) and sarcoidosis (n=44) were investigated for their surfactant properties and compared to healthy control subjects (n=29).
The pulmonary surfactant system, which covers the alveolar lining layer, is mainly composed of lipids and specific apoproteins [1, 2] . A complex interaction of these constituents results in the reduction of surface tension at the air/liquid interface to near zero values at minimum alveolar radius, thereby preventing alveolar collapse and atelectasis. Biochemical and biophysical abnormalities of this delicate material are encountered in acute respiratory distress syndrome (ARDS) [3±6] and are thought to be involved in the pathogenetic sequelae of this syndrome [7, 8] . In summary, the following mechanisms may underlie surfactant disturbances in acute lung injury: 1) lack of surface active material due to impaired synthesis or increased "consumption", 2) changes in the (phosplio)lipid or apoprotein composition, 3) maldistribution of surfactant subtypes with a predominance of smaller, biophysically less active, surfactant aggregates, 4) surfactant inhibition by plasma-derived proteins, possibly with particular impact of fibrin, and 5) decomposition of surfactant components by proteolytic, phospholipolytic or oxidative attack.
If survived, the acute exudative phase of ARDS is regularly followed by the development of fibroproliferative changes in the lung (honeycombing), with a typical restrictive pattern in lung function. Chronic interstitial lung diseases such as idiopathic pulmonary fibrosis (IPF) share at least some inflammatory features with ARDS, the most prominent being neutrophil influx into the alveolar compartment [9, 10] . In view of such similarities in inflammatory mechanisms, it has been suggested that surfactant abnormalities may also play a major role in IPF, and this suggestion is supported by the finding of marked surfactant disturbances in an experimental model of pulmonary fibrosis using the antineoplastic agent bleomycin [11±13] . Previous investigations in IPF patients reported a reduction in total pelletable phospholipids and the surfactant apoprotein surfactant protein (SP)A as well as changes in the surfactant phospholipid composition, but controversy exists as to whether these changes are specific to IPF or may be present to a similar extent in other chronic interstitial lung diseases [14±21] . Moreover, measurement of biophysical surfactant function and determination of the concentrations of the functionally important hydrophobic apoproteins have, as yet, not been performed, and the distribution of the lavageable surfactant material between functionally active large (LSA) and more inactive small surfactant aggregates (SSA) has not been taken into account. In the present study, biochemical and biophysical surfactant characteristics in IPF patients, who were untreated at the time of the initial lavage, were compared to those in control subjects and in two other types of chronic interstitial lung disease, namely hypersensitivity pneumonitis (HP) and sarcoidosis.
Materials and methods

Materials
The monoclonal antibody directed against SP-A (PE10) was a generous gift from T. Akino (Dept of Biochemistry, Sapporo Medical College, Sapporo, Japan) and the monoclonal antibody against SP-B (8E5B) was kindly provided by Y. Suzuki (Chest Disease Research Institute, Kyoto, Japan). Both antibodies have been successfully used for the determination of these two apoproteins in bronchoalveolar lavage (BAL) fluid BALF [6, 22] . Recombinant human SP-A was placed at our disposal by K.P. Scha Èfer (Byk Gulden, Constance, Germany). Human SP-B was isolated from BAL by means of extraction using an LH60 column, according to the method of WARR et al. [23] , and was shown to possess a purity of >95%. Bovine serum albumin was purchased from Paesel and Lorei (Frankfort on the Main, Germany). Microtitre plates (Maxisorp 1 and Polysorp 1 with certification) were obtained from Nunc (Wiesbaden, Germany). The protein determination kit (bicinchoninic acid) was obtained from Pierce (via Bender & Hohbein, Munich, Germany). Biotinylated sheep antimouse antibody was obtained from Amersham Buchler (Brunswick, Germany). Avidin/biotin/horseradish peroxidase (AB complex) was from Dakopatts (Hamburg, Germany). 2,2'-Azino-di-[3-ethyl-benzthiazolinsulphonate-(6)] (ABTS) was obtained from Boehringer (Mannheim, Germany). Tween 20 was purchased from Sigma (Munich, Germany) and Triton X-100 was from Serva (Heidelberg, Germany). Silica 60 plates and all other chemicals were from Merck (Darmstadt, Germany).
Methods
Study population. Spontaneously breathing patients (112, age 15±75 yrs) with interstitial lung diseases, who were still untreated for interstitial lung disease at the time of the initial lavage, were included in the study between January 1994 and December 1997. Information as to the duration of disease was obtained from an admission questionnaire and from a review of the patient's medical record. The patients were compared to 29 healthy never smoking subjects (16 male, 13 female, mean age 26 yrs) without a history of cardiac or pulmonary disease, and with normal chest radiographs and pulmonary function test results. These controls were included during the same recruitment period. The study protocol was approved by the local ethics committee and informed consent was obtained from each subject prior to entry into the study. Classification into IPF, HP and sarcoidosis was performed according to the following criteria.
Idiopathic pulmonary fibrosis (n=36). Major criteria (required): 1) unknown aetiology; 2) restrictive pattern in pulmonary function; 3) bilateral fine or coarse reticular or reticulonodular pattern on chest radiography or bilateral reticular pattern and patchy opacification of airspaces on computed tomography (CT)/high resolution CT (HR-CT); and 4) increased neutrophil counts on BAL, which may be accompanied by an elevated percentage of lymphocytes or eosinophils. Minor criterion: histological findings in transbronchial lung biopsy or in transthoracic biopsy suggestive of usual interstitial pneumonia or desquamative interstitial pneumonia pattern.
Hypersensitivity pneumonitis (n=32). Major criteria: 1) history of periodically recurring or permanent complaints upon exposure to an inhalative antigen; 2) detection of precipitating antibodies; 3) patchy interstitial infiltrates in both lungs by chest radiography or CT/HRCT; and 4) elevated BAL lymphocyte counts with decreased CD4/ CD8 ratio. Sarcoidosis (n=44). Major criteria: 1) abnormal chest radiography results: bilateral hilar adenopathy without (I, n= 10) or with (II, n=19) pulmonary infiltrates such as coarse reticulonodules or fluffy cotton wool confluent shadows, or infiltrates without hilar adenopathy (III, n= 15); 2) elevated BAL lymphocyte counts with increased CD4/CD8 ratio; and 3) Loefgren's syndrome (n=3). Minor criterion: epithelioid cell, noncaseating granuloma on lung biopsy.
There was no overlap between the groups of patients. Routine lung function testing was performed in all patients. All BALs were undertaken for diagnostic purposes on admission of the patients to the authors' pulmonary units. At the time of study, patients with HP and IPF reported that they had had complaints for~15±40 months, together with progressive dyspnoea (table 1) . Accordingly, lung function both at rest and during exercise was impaired. Patients with sarcoidosis reported a slightly shorter duration of complaints, had less dyspnoea and displayed more moderate alterations in lung function (table 1). Bronchoalveolar lavage. BAL was performed in spontaneously breathing subjects during routine flexible bronchoscopy. The distal end of the bronchoscope was wedged into a segmental bronchus of the right middle lobe or the lingula. Ten 20-mL portions of saline were instilled, aspirated, cooled to 48C and pooled. The overall fluid recovery ranged 55±70%. The lavage fluid was immediately centrifuged at 3006g (48C, 10 min) to sediment cellular material, which was stained and counted according to standard techniques. Overall 40,000 cells were subjected to a cytospin and stained according to the Pappenheim method (2 min in May-Gru Ènwald solution, followed by 10 min in Giemsa solution and final rinsing with water), and 100 cells were always counted. The supernatant was split into aliquots and subsequently frozen and stored at -808C until further use.
Determination of phospholipid and protein content. Phospholipids (PLs) were extracted from a 2 mL BAL aliquot according to the method of BLIGH and DYER [25] . Upon evaporation of the organic phase under nitrogen, organic phosphorus was determined using a colorimetric phosphorus assay based on the method of ROUSER et al. [26] . All determinations were performed in duplicate and the results are expressed as PL concentration in the original BAL fluid. In addition, the PL concentration was corrected by means of the urea quotient (BAL/blood), according to RENNARD et al. [27] . Protein content was quantified using a commercially available kit based on the method of O.H. Lowry [28] , and the PL:protein ratio calculated on the basis of PL and protein concentrations in the original BAL fluid.
Analysis of phospholipid classes. Separation of phospholipid classes was achieved by means of high-performance thin layer chromatography using silica 60 plates. In brief, 30 mg of extracted PLs and various amounts (0.42±62.5 mg) of a standard mixture containing phosphatidylcholine (PC). phosphatidylglycerol (PG), phosphatidylinositol (PI), sphingomyelin (SPH), phosphatidylethanolamine (PE), lyso-PC, cardiolipin (CL) and phosphatidylserine (PS) were applied with a Linomat IV applicator (Camag, Muttenz, Switzerland). Chloroform:methanol:acetic acid: distilled water (50:37.5:3.5:2) was used as mobile phase, and the phospholipids were stained with molybdenum blue reagent according to GUSTAVSSON [29] , and quantified by means of densitometric scanning at 700 nm with a TLC Scanner II (Camag, Muttenz, Switzerland). Under these conditions, the densitometric quantification displayed high coincidence with colorimetric determination of phospholipid concentration and variance ranged 0.06±0.79%, depending on the PL analysed.
Quantification of surfactant protein B and surfactant protein A. The SP-B content of the BAL was determined using a solid phase adsorption-based enzyme-linked immunosorbent assay (ELISA), as recently described [22] . In brief, SP-B in samples or standard was bound to Polysorp microtitre plates and, by sequential washing steps with trifluoroethanol and diisopropylether/butanol, the influence of PL on the recovery of SP-B was eliminated. After saturation of free binding sites, SP-B was detected by means of a monoclonal antibody (8B5E) and the signal was amplified by use of a monoclonal biotinylated antimouse antibody and the AB complex technique with colouring of the plates by use of ABTS. Spiking of BAL fluid from seven patients with the SP-B standard yielded an excellent linear regression with a mean regression value of 0.998 and a slope of 1.085. SP-A was quantified employing a competitive ELISA protocol [6] based on monoclonal anti-SP-A (PE10). In brief, Maxisorp1 microtitre plates were coated with recombinant human SP-A. Samples or standards were preincubated with PE10 in the presence of 2% Triton X-100 and were then applied to the precoated ELISA plates. Binding of free anti SP-A to the precoated SP-A was detected by application of a monoclonal biotinylated antimouse antibody and the AB complex as indicated above. Under these conditions, spiking of 23 different BAL aliquots resulted in a mean regression value of 0.9630.010 with a slope of 1.0520.056 (meanSEM).
Concentration of lavage surfactant for biophysical measurements. BAL aliquots were centrifuged at 48,0006g (48C, 1 h) to generate a crude surfactant pellet [5] and to separate the large surfactant aggregates (LSA) from the small surfactant aggregates (SSA) remaining in the supernatant. The PL concentration of the crude surfactant pellet was then determined, related to total BAL PL, and the percentage of material pelleted was assumed to represent LSA. By further addition of appropriate volumes of saline containing 3 mM Ca ++ , the pellets were then adjusted to a final PL concentration of 2 mg . mL -1 (~2.7 mM), vigorously agitated on a vortex mixer for 1 min and taken for characterization of biophysical activity (see below).
Of the total BAL protein 2.70.43% was recovered in the 48,0006g pellet (meanSEM, n=10); thus, the majority of proteins were removed from the LSA by this procedure. To address the influence of these soluble BAL proteins on surfactant function, the 48,0006g supernatant was applied to Macrosep centrifugal concentrators (cut-off 10 kDa, Filtron, Karlstein, Germany) and centrifuged at 2,5006g for 3 h at 48C. This yielded a 16-fold (15.9 2.1) concentration of proteins, and loss of proteins through the membrane amounted to 13.92.9%. Upon lyophilization and resuspension in 0.5 mL distilled water, the remaining PLs were separated by means of methanol/ chloroform extraction according to BLIGH and DYER [25] (see above). Appropriate amounts of the upper proteincontaining phase (methanol, aqueous) were lyophilized again and resuspended with the crude surfactant pellet in order to obtain corresponding PL:protein ratios as found in the original BAL fluid. For better resuspension of the lyophilized protein, the mixture was sonicated for 1 min (50 W, 25 kHz; Bandelin, Berlin, Germany).
Characterization of surface activity. The surface activity of the surfactant either alone or reconstituted with protein was assessed using a pulsating bubble surfactometer, as previously described [6, 30±32] . In brief, surfactant or surfactant protein mixtures were incubated for 30 min at 378C after brief sonication. After filling the sample chamber with 30 mL of the sample, it was immediately transferred to the pulsating bubble surfactometer. Adsorption measurements were performed by machine-driven generation of the bubble at minimum bubble size and maintenance of it at this size for 12 s. The cads value given in the present report refers to the surface tension obtained after 12 s of adsorption (= equilibrium surface tension value). Next, pulsation was started at a speed of 20 cycles . min -1 and continued for 5 min. Surface tension data were obtained at minimum and maximum bubble radius (cmin and cmax) after 5 min of oscillation.
Statistics. All data are given as meanSEM or median values. Statistical evaluation of the differences between controls and HP, IPF or sarcoidosis groups was performed by applying an H-test (Kruskal-Wallis H-test) to assess principal significant diversity, followed by a comparison between the controls and each patient group using a nonparametric test (Mann-Whitney U-test/Wilcoxon rank sum W-test). Adjustment for multiple comparison according to Bonferroni was performed consistently by multiplying the significance level by the number of comparisons (three) undertaken. For evaluation of differences in surface activity upon reconstitution with BAL proteins, the t-test for matched pairs was used. The level of significance was set at p<0.05.
Results
As anticipated, relative lymphocyte counts were elevated in the BALF of patients with sarcoidosis and HP, whereas neutrophil influx was predominant in IPF (table  2) . In all patient groups, BAL protein values were markedly and significantly increased as compared to control data, with the abnormalities in HP and IPF patients slightly exceeding those in sarcoidosis. In contrast, the PL concentration (uncorrected) in the original BALF did not significantly differ between controls and patients with interstitial lung diseases (table 2). Upon "correction" of the PL data according to the BAL/blood urea quotient, significantly decreased PL values were calculated for HP and IPF, but not for sarcoidosis (table 2). Due to the high alveolar protein load, the PL:protein ratio was significantly decreased in all patient groups, somewhat less prominently in sarcoidosis as compared to HP and IPF ( fig. 1) .
As compared to controls, analysis of the PL profile revealed substantial changes in IPF, moderate changes in HP and no alteration in sarcoidosis (table 3) . The changes in IPF comprised a fall in the relative content of PC and PG, with concomitant rises in the proportions of PI, PE and SPH. Lyso-PC content was not increased. CL was detectable in trace amounts in controls and did not change among the patient groups (data not shown).
In all patient groups, SP-A levels in BALF were significantly decreased as compared to controls (table 4) , with the most prominent reduction being found in IPF. In contrast, SP-B values remained unchanged or even appeared slightly increased (sarcoidosis, table 4). When related to total BALF protein content, the levels of both apoproteins SP-A and SP-B were significantly reduced in all patient groups (not shown). In relation to total BALF PLs, the amounts of apoprotein were unchanged except for a significant reduction in SP-A:PL values in IPF and sarcoidosis. There was a significant correlation between both SP-B or SP-A concentrations in BALF and total BALF PL levels in all patient groups (not shown). Centrifugation of the BALF for isolation of LSA displayed a reduction in the amount of PL material pelleted in all patient groups, both for relative ( fig. 2 ) and absolute quantities (not depicted). However, due to the broad scatter of data, significance was only achieved for the relative amount of LSA in sarcoidosis and IPF.
The adsorption ability of the pelleted surfactant material, as assessed in the absence of soluble proteins, was reduced in IPF more than in HP and sarcoidosis ( fig. 3a) . The capacity to reach near zero cmin was largely lost or reduced in all patient groups, with median values of~19 mN . m -1 in IPF and~5 mN . m -1 in HP and sarcoidosis, as compared to near 0 mN . m -1 in controls measured with the present technique. cmax were moderately elevated in IPF patients only (not shown). Reconstitution of surfactant pellets with individual soluble BALF proteins, in the same ratio as observed in the original BALF, could be performed in a limited number of patients, in whom sufficient material was available. As indicated in figure 4 , such reconstitution resulted in a further and significant loss of surface activity in all groups of patients, but not in controls. The differences in mean and median values in the absence of protein in figure 3 , as compared to figure 4, are explained by the fact that the shortage of material was particularly evident upon use of BALF with low percentages of LSA, i.e. pelleted material. In addition, the cmin in the absence and presence of proteins were significantly correlated ( fig. 5 ), as were the gmin values in the presence of proteins and the PL:protein ratio ( fig. 5) .
To test the relationship between surfactant changes and lung function abnormalities (restriction), cmin values were correlated with forced vital capacity (FVC) and total lung capacity (TLC) data. No significant correlation was noted for HP and sarcoidosis. In IPF, however, a significant correlation between FVC and cmin (r=0.75, n=23, p=0.00004) and between TLC and cmin ( fig. 6 ) was observed: the capacity to reduce cmin to near zero values was increasingly lost, the more pronounced the reduction in lung volume.
Discussion
Excellent adsorption and surface tension-reducing properties, with cmin~0 mN . m -1 , were noted in the control subjects, reflecting biophysical surfactant characteristics assumed to exist in vivo [33, 34] . These surface properties were largely lost in nearly all patients with IPF, and were reduced to a minor extent in HP and sarcoidosis. Differences in the time from onset of disease to initial lavage, smoking histories, age range, sex distribution and the degree of restriction noted upon pulmonary function testing did not explain the prominence of functional abnormalities in the IPF patients. The following biochemical and metabolic changes might underlie the severe disturbances in surfactant biophysics in IPF.
Reduction in the alveolar phospholipid pool
No difference in total BALF PL concentrations and BALF recoveries was found between control subjects and the three patient groups. However, these findings do not necessarily suggest constancy of the total alveolar PL pool, since differences in lavaged surface area cannot be excluded. When employing the urea quotient to relate the recovered PL quantities to the volume of alveolar lining layer washed out by the BAL procedure, a marked reduction in PL concentrations was noted, in particular in IPF and HP. Unfortunately, this method is itself prone to serious pitfalls [35, 36] . Hence, the PL concentration in the original BALF was relied upon. At first glance, the finding of unchanged PL concentrations appears to differ from previous investigations, reporting a decrease in total PL quantities recovered by means of lavage in IPF patients [16, 17] . However, in those preceding studies, measurements were performed only in a 72,0006g pellet, and the results may thus reflect changes in total lavage PLs and in its proportion of LSA, which is here shown to be significantly reduced (see below). (48,0006g pellet) . Box plots show medians, the upper and lower hinges and outliers for each group. C: control (n=17); HP: hypersensitivity pneumonitis (n=23); IPF: idiopathic pulmonary fibrosis (n=24); Sarc: sarcoidosis (n=33). *: p<0.05 versus controls.
Altered surfactant subtype distribution
The fraction of LSA was separated from SSAs by means of 48,0006g centrifugation [30, 37] , and was found to be markedly reduced in all patient groups with interstitial lung disease. In view of the established lower biophysical activity of SSA [30, 37, 38] , such reduction in the percentage of LSA may be assumed to contribute to the impairment of surface activity in vivo but may not underlie the impaired surface activity of LSA ex vivo, since all bubble experiments were performed at 2 mg PL . mL -1 . It has to be borne in mind, however, that the metabolic steps underlying the conversion from LSA to SSA have hitherto not been fully elucidated, and a reduction in the proportion of LSA might be accompanied by additional changes in the (still) pelletable material not reflected in the centrifugation step. This view is supported by the recent observation of a significant correlation between the reduction in LSA concentration and the loss of biophysical activity of this subfraction in ARDS patients [6] and also in cycled lavage fluids from healthy rabbits [39] . Further studies are required to elucidate this aspect.
Changes in the phospholipid profile
A uniform pattern of changes in the PL profile was noted more in IPF than in HP (reduction in PC and PG and increase in SPH, PI and PE concentration), but was absent in sarcoidosis. The noted alterations in PL composition accord well with previous investigations in IPF [14±17] and HP [18] . The absence of alterations in PL profile in sarcoidosis favourably corresponds to the data of HONDA et al. [14] and LOW et al. [20] . Compositional changes in the PLs that comprise the surface-active material recovered at lavage may suggest functional alterations of type II cells, and in particular the decrease in the relative content of PG is a constant finding in virtually all models of severe acute lung injury and corresponds to an "immaturity" pattern of type II cell metabolic activity during gestation [2] . Alternatively, changes in the PL profile may result from contamination with cellular debris or leaked plasma lipids. However, as reflected by the BALF protein values, plasma leakage was evident in sarcoidosis without any compositional changes of PL, which questions the significance of this pathway of contamination.
Changes in the apoprotein content
When considering the SP-A and SP-B data in the BALF and the concentrations of these apoproteins after normalization to the PL content, a clear decrease in SP-A but not SP-B concentration was encountered in all patient groups, with the most prominent changes occurring in IPF. The finding of decreased absolute and relative SP-A levels in IPF favourably corresponds to recent studies of MCCOR-MACK et al. [17, 21] , although their changes in SP-A were much more prominent (~three-fold) than the present ones: as mentioned above, these measurements were performed in a 72,0006g pellet, thus reflecting the amount of SP-A in the LSA fraction, whereas the apoproteins were quantified in the original BALF, independently of their distribution between surfactant subtypes, in the present study. The observation of decreased SP-A levels in sarcoidosis and HP differs from previous investigations into these entities, suggesting unchanged or even increased SP-A levels [18, 40] . Further studies should aim to characterize the distribution of surfactant apoproteins between the different subtypes under clinical conditions, since variations in the apoprotein content of the different surfactant subtypes have been described under experimental settings, e.g. upon in vitro conversion of BALF [30, 37] .
Inhibition of surfactant function by plasma proteins
A manifold increase in the alveolar protein load was noted in all patients with interstitial lung diseases, with the highest values in IPF patients; the PL:protein ratios were accordingly reduced. Such increased protein levels might result from both plasma protein leakage and local (over) production, and the exact protein profile has not yet been discovered for the currently investigated diseases. Inhibition of surfactant function by leaked plasma proteins has been established as an important mechanism of surfactant disturbance in experimental models of acute lung injury, and among the plasma proteins fibrin(ogen) and haemoglobin may be of major importance [31, 41±44] . In addition, evidence has been presented that such inhibition of surfactant by protein leakage occurs also under clinical conditions of ARDS [6] . The present technique of surface tension measurement first separated the pelletable surfactant material from the bulk of soluble proteins in the BALF, and >90% of proteins were removed by this step. However, it is conceivable that multimeric and/or highmolecular-weight proteins, closely associated with the surfactant compounds, copelleted during this centrifugation step and substantially contributed to the loss of surface activity of the LSA, mostly in IPF patients. One "pelletable" candidate previously shown to possess marked surfactant inhibitory capacity [32] is fibrin oligo-or polymer, which may be easily generated within the alveolar compartment upon fibrinogen leakage due to the predominance of procoagulant activities in the alveolar compartment in interstitial lung disease and in particular in IPF patients [45] . In addition, inhibitory capacities of the soluble BALF proteins were directly shown in nearly all of the patients in the present study, in whom the relative content of LSA was high enough to allow a reconstitution of this subfraction with the individual lavage proteins according to the PL:protein ratio in the original BALF.
Further surfactant inhibitory mechanisms
Experimental studies established phospholipolytic cleavage of essential surfactant compounds as a pathogenetic mechanism resulting in loss of surface activity [46] . However, no increase in the small percentage of lyso-PC was noted in the present study. In addition, alterations of the apoproteins by proteases [47] or reactive oxygen species [48, 49] , which might have been missed by the immunological detection of SP-A and SP-B currently undertaken, might well be operative. This suggestion is of particular interest for IPF patients, since neutrophil elastase was shown to possess the capability of degrading surfactant apoproteins [47] , and high alveolar neutrophil counts are a characteristic feature of IPF.
Conclusions
In conclusion, a marked loss of surface tension-lowering capacity was noted in idiopathic pulmonary fibrosis, and such a change in biophysical surfactant function was clearly less prominent in hypersensitivity pneumonitis and sarcoidosis. Minimal surface tension values of >15 mN . m -1 , as observed in the majority of idiopathic pulmonary fibrosis patients, must be assumed to result in severe loss of alveolar stability, at least if this holds true in vivo [33, 34] . Interestingly, the loss of biophysical surfactant function was significantly correlated with the degree of lung restriction in this patient group. Various mechanisms may be operative in effecting the impairment of surface properties, particularly observed in the idiopathic pulmonary fibrosis patients, including surfactant inhibition by leaked plasma proteins, changes in the phospholipid profile suggestive of altered type II cell metabolism, reduced apoprotein content or functional activity (presently not addressed), and catabolic steps resulting in a reduced percentage of functionally active large surfactant aggregates. A current hypothesis for the loss of gas exchange units in fibrosis is so-called "collapse induration" which means irreversible fusion of (denuded) alveolar basement membranes [50] , with abnormalities in surfactant function promoting this process by favouring alveolar collapse and apposition of alveolar walls. The presently observed surfactant abnormalities, in particular in the idiopathic pulmonary fibrosis patients, may support this concept.
